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(54) Solid-state imaging apparatus, driving method therefor, and camera

(57) Ina CCD imaging device in which sensor sec-
tions have the vertical overflow drain (OFD) structure, a
substrate bias control signal is applied to the base of a
bipolar transistor via a resistor to turn on the transistor
atleast during a signal charge readout period. As aresult,

the base potential of a bipolar transistor that constitutes
a clamping circuit is lowered, whereby a substrate bias
that is output from a substrate bias generation circuit is
lowered. Thus, the potential of an overflow barrier in the
sensor sections is reduced.
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Description

BACKGROUND OF THE INVENTION

[0001] The present invention relates to a solid-state
imaging apparatus, a driving method therefor, and a cam-
era using a solid-state imaging apparatus as an imaging
device. In particular, the invention relates to a solid-state
imaging apparatus that uses a CCD (charge coupled de-
vice) solid-state imaging device having the overflow drain
(OFD) structure (hereinafter referred to as "CCD imaging
device"), a driving method therefor, and a camera that is
equipped with a light interrupting means such as a me-
chanical shutter.

[0002] As for readout schemes of the CCD imaging
device, Fig. 1 shows what is called the field readout
scheme which realizes interlace scanning by causing
each pixel to accumulate signal charge for 1/60 second
(corresponding to one field), and mixing, in the vertical
CCDs, signal charges read out from the respective pixels
such that signal charges of two pixels adjacent to each
other in the vertical direction are mixed together, with the
manner of combining two pixels in the vertical direction
for mixing changed for odd fields and even fields. Fig. 2
shows what is called the frame readout scheme in which
signal charges of odd lines and signal charges of even
lines are read out alternately on a field-by-field basis with
an accumulation time of 1/30 second. Fig. 3 shows what
is called the all pixels readout scheme in which signal
charges of the respective pixels are read out independ-
ently at the same time point without being mixed in the
vertical CCDs.

[0003] Among the above readout scheme, the field re-
adout scheme is suitable for use in a video camera or
the like. This is because the signal charge accumulation
time in each pixel of the field readout scheme is 1/60
second, i.e., a half of 1/30 second of the frame readout
scheme, and hence the field readout scheme enables
satisfactory imaging of moving pictures. On the other
hand, the field readout scheme has a drawback of low
vertical resolution, which results from the mixing of signal
charges of two pixels that are arranged vertically. For this
reason, the frame readout scheme with the use of a me-
chanical shutter or the all pixels readout scheme is used
in an electronic still camera which also requires high ver-
tical resolution.

[0004] In the frame readout scheme, signals of two
fields are needed to obtain oneimage (one-frameimage).
On the other hand, to obtain one image by a single ex-
posure as is the case of an electronic still camera, it is
necessary that an image remain the same in two fields.
To this end, itis necessary to effect light interruption after
completion of an exposure by using a light interrupting
means such as a mechanical shutter.

[0005] However, when light interruption is effected af-
ter completion of an exposure in a CCD imaging device
having the overflow drain structure, part of the signal
charges are emitted to the overflow drain in the following
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manner. That is, as time elapses, due to thermal fluctu-
ation, signal charges having energies higher than the
Fermi level of the accumulated signal charges go over
the overflow barrier until the Fermi level becomes close
to a given value.

[0006] Therefore, the saturation signal charge amount
Qs decreases over time during a period from closing of
the mechanical shutter to readout of signal charges. In
the second field, the period from closing of the mechan-
ical shutter to readout of signal charges is longer than in
the first field by a time corresponding to one field, and
hence the saturation signal charge amount Qs further
decreases as much. Thus, a level difference occurs be-
tween the saturation signal charge amounts Qs of the
first and second fields. The decrease in saturation signal
charge amount Qs is unfavorable because it will deteri-
orate such characteristics as the S/N ratio and the dy-
namic range.

SUMMARY OF THE INVENTION

[0007] The present invention has been made in view
of the above problems in the art, and an object of the
invention is therefore to provide a solid-state imaging ap-
paratus, a driving method therefor, and a camera which
prevent such characteristics as the S/N ratio and the dy-
namic range from being deteriorated due to decrease in
saturation signal charge amount that occurs in the period
from completion of an exposure to readout of signal
charges.

[0008] A solid-state imaging apparatus according to
the invention comprises a solid-state imaging device hav-
ing a plurality of sensor sections that have an overflow
drain structure and are arranged in matrix form, and a
charge transfer section for transferring signal charges
read out from the sensor sections; and a driving system
for performing a drive so as to lower an overflow drain
bias of the solid-state imaging device at least during a
signal charge readout period in a given operation mode.
[0009] In a solid-state imaging apparatus comprising
a solid-state imaging device having a plurality of sensor
sections that have an overflow drain structure and are
arranged in matrix form, and a charge transfer section
for transferring signal charges read out from the sensor
sections, a driving method according to the invention low-
ers an overflow drain bias of the solid-state imaging de-
vice at least during a signal charge readout period in a
given operation mode.

[0010] A camera according to the invention comprises
a solid state-imaging apparatus comprising a solid-state
imaging device having a plurality of sensor sections that
have an overflow drain structure and are arranged in ma-
trix form, and a charge transfer section for transferring
signal charges read out from the sensor sections, and a
driving system for performing a drive so as to lower an
overflow drain bias of the solid-state imaging device at
least during a signal charge readout period in a given
operation mode; an optical system for guiding incident



3 EP 2 282 529 A2 4

light to an imaging area of the solid-state imaging device;
and light interrupting means for determining an exposure
period by interrupting the incident light to prevent it from
reaching the imaging area of the solid-state imaging de-
vice.

[0011] With the above constitution, part of signal
charges in the sensor sections are released to the over-
flow drain over time during light interruption. To avoid this
phenomenon, the overflow drain bias is lowered in an-
ticipation of the above reduction of signal charges at least
during signal charge readout period. With this measure,
the saturation signal charge amount (in terms of the value
before it decreases over time during the light interruption)
can be increased in anticipation of the amount of its re-
duction. As a result, a desired saturation signal charge
amount can be secured.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012]

Fig. 1 illustrates the field readout scheme;

Fig. 2 illustrates the frame readout scheme;

Fig. 3 illustrates the all pixels readout scheme;

Fig. 4 shows a general configuration of a solid-state
imaging apparatus according to the present inven-
tion;

Fig. 5 is a sectional view showing a structure of a
sensor section and its vicinity;

Fig. 6 is a diagram showing a potential profile of the
sensor section in the substrate depth direction;

Fig. 7 shows a general configuration of a camera
according to the invention.

Fig. 8 is a timing chart for description of a basic op-
eration of the camera of Fig. 7;

Fig. 9 is a characteristic diagram showing a relation-
ship between the saturation signal charge amount
Qs and the time from the completion of an exposure
to the readout;

Fig. 10 is a timing chart of a substrate bias control;
Fig. 11 is a timing chart of specific example-1;

Fig. 12 is a timing chart of specific example-2;

Fig. 13 is a timing chart of specific example-3;

Fig. 14 is a timing chart of specific example-4; and
Fig. 15 shows a general configuration of a modifica-
tion according to the invention.

DESCRIPTION OF THE PREFERRED EMBODI-
MENTS

[0013] An embodiments of the present invention will
be hereinafter described with reference to the drawings.
The following embodiment is directed to a case where
the invention is applied to an interline transfer (IT) type
CCD imaging device.

[0014] Fig. 4 shows a general configuration of an ex-
ample of a solid-state imaging apparatus according to
the invention. As shown in Fig. 4, an imaging area 14
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consists of a plurality of sensor sections 11 that are ar-
ranged in the row (horizontal) direction and the column
(vertical) direction, i.e., in matrix form, and serve to con-
vert incident light into signal charge of an amount corre-
sponding to its light quantity and store the signal charge,
and a plurality of vertical CCDs 13 that are provided for
the respective vertical columns of the sensor sections 11
and serve to vertically transfer signal charges that are
respectively read out from the sensor sections 11 by re-
adout gate sections 12.

[0015] Intheimaging area 14, each sensor section 11
is a pn-junction photodiode, for instance. A signal charge
accumulated in each sensor section 11 is read out to the
associated vertical CCD 13 when a read pulse XSG (de-
scribed later) is applied to the associated readout gate
section 12. Transfer-driven by 4-phase vertical transfer
clock signals Vo1-Vé4, for instance, the vertical CCDs
13 sequentially transfer portions of read-out signal charg-
es in the vertical direction such that each portion corre-
sponding to one scanning line (one line) is transferred in
a portion of each horizontal blanking period.

[0016] In the vertical CCDs 13, first-phase and third-
phase transfer electrodes also serve as gate electrodes
of the readout gate sections 12. Therefore, among the
4-phase vertical transfer clock signals V$1-V¢4, the first-
phase transfer clock signal Vo1 and the third-phase
transfer clock signal V¢3 are set to have three values: a
low level, a medium level, and a high level. A pulse of
the third-value level, i.e., the high level, serves as a read
pulse XSG to be applied to the read gate sections 12.
[0017] A horizontal CCD 15 is disposed under the im-
aging area 14 (as viewed in the Fig. 4). Signal charges
are sequentially transferred from the plurality of vertical
CCDs 13 to the horizontal CCD 15 such that signal charg-
es corresponding to one line are transferred each time.
Transfer-driven by 2-phase horizontal transfer clock sig-
nals Ho1 and Ho¢2, for instance, the horizontal CCD 15
sequentially transfers, in the horizontal direction, signal
charges transferred from the vertical CCDs 13 such that
signal charges of one line are transferred in a horizontal
scanning period after the preceding horizontal blanking
period.

[0018] A charge-to-voltage conversion section 16 hav-
ing a configuration of a floating diffusion amplifier, for
instance, is provided at the transfer destination end of
the horizontal CCD 15. The charge-to-voltage conver-
sion section 16 sequentially converts signal charges that
are horizontally transferred by the horizontal CCD 15 into
a voltage signal and outputs it. After passing through an
output circuit (not shown), the voltage signal is output to
an external system from an output terminal 17 as a CCD
output signal OUT which corresponds to the amount of
incident light coming from an object.

[0019] The above-inentioned sensor sections 11, rea-
dout gate sections 12, vertical CCDs 13, horizontal CCD
15, and charge-to-voltage conversion section 16, and
other components are formed on a semiconductor sub-
strate 18 (hereinafter referred to simply as "substrate").
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Thus, an interline transfer type CCD imaging device 10
is formed. The 4-phase vertical transfer clock signals
oV 1-0V4 and the 2-phase horizontal transfer clock sig-
nals $H1 and ¢H2 for driving the CCD imaging device 10
are generated by a timing generation circuit 19.

[0020] The 4-phase vertical transfer clock signals ¢V 1-
0V4 are supplied to the vertical CCDs 13 via terminals
(pads) 22-1 to 22-4 that are formed on the substrate 18.
The 2-phase horizontal transfer clock signals ¢$H1 and
0H2 are supplied to the horizontal CCD 15 via terminals
23-1 and 23-2. In addition to the above transfer clock
signals, the timing generation circuit 19 generates vari-
ous timing signals such as a shutter pulse ¢SUB for
sweeping out signal charges stored in the sensor sec-
tions 11 to the substrate 18.

[0021] A substrate bias generation circuit 20 which
generates a bias voltage Vsub (hereinafter referred to as
"substrate bias") for biasing the substrate 18 is also
formed on the substrate 18. The substrate bias Vsub gen-
erated by the substrate bias generation circuit 20 is ap-
plied to the substrate 18 via a transistor Q1. The function
of the substrate bias Vsub will be described later.
[0022] Fig. 5is a sectional view showing a structure in
the substrate depth direction of each sensor section 11
and its vicinity. As shown in Fig. 5, for example, a p-type
well region 31 is formed on the surface of an n-type sub-
strate 18. An n* signal charge storage region 32 is formed
on the surface of the well region 31 and a p* hole storage
region 33 is formed thereon, to constitute the sensor sec-
tion 11 havingwhat s called the HAD (hole storage diode)
structure.

[0023] As shown in a potential profile diagram of Fig.
6, the amount of signal charge e accumulated in each
sensor section 11 is determined by a potential barrier
height of an overflow barrier OFB that is formed by the
p-type well region 31. That is, the overflow barrier OFB
determines the saturation signal charge amount Qs of
signal charge stored in the sensor section 11. When the
stored charge amount exceeds the saturation signal
charge amount Qs, an excessive part of the charge goes
over the potential barrier and is swept out to the substrate
18 side.

[0024] The sensor section 11 having what is called the
vertical overflow drain structure is formed as described
above. In the vertical overflow drain structure, the sub-
strate 18 serves as an overflow drain. In the sensor sec-
tion 11, while the saturation signal charge amount Qs is
determined by an S/N characteristic of the device, the
handlable charge amount of the vertical CCDs 13, and
other factors, the potential of the overflow barrier OFB
varies due to variations in manufacture. The potential of
the overflow barrier OFB can be controlled by an overflow
drain bias, i.e., the above-mentioned substrate bias
Vsub.

[0025] An n*signal charge transfer region 35 and a p*
channel stopper region 36 are formed on a lateral side
of the sensor section 11 with a p-type region 34 that con-
stitutes the readout gate 12 interposed in between. A p*
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impurity diffusion region 37 for preventing contamination
by a smear component is formed under the signal charge
transfer region 35. Further, a transfer electrode 39 made
of polycrystalline silicon, for instance, is disposed over
the signal charge transfer region 35 with a gate insulating
film 38 interposed in between. Thus, the vertical CCD 13
is formed. The portion of the transfer electrode 39 located
over the p-type region 34 also serves as a gate electrode
of the readout gate section 12.

[0026] An Al (aluminum) light interruption film 41 is
formed over the vertical CCD 13 so as to cover the trans-
fer electrode 39 through an interlayer film 40. The Al light
interruption film 41 is removed, by etching, selectively in
a portion corresponding to the sensor section 11 to form
an opening 42, through which external light L enters the
sensor section 11. As described above, the substrate
bias Vsub, which determines the amount of signal charge
stored in the sensor section 11, i.e., determines the po-
tential of the overflow barrier OFB, is applied to the sub-
strate 18.

[0027] The substrate bias Vsub is set at an optimum
value for each chip in the substrate bias generation circuit
20 shown in Fig. 4 in consideration of a variation in the
potential of the overflow barrier OFB (see Fig. 6) in the
sensor section 11 due to variations in manufacture of an
individual device. After being subjected to impedance
conversion by a bipolar transistor Q1, the substrate bias
Vsub is applied to the substrate 18. The bipolar transistor
Q1 is also formed on the substrate 18 together with the
substrate bias generation circuit 20.

[0028] On the other hand, during an electronic shutter
operation, a shutter pulse ¢SUB that is generated by the
timing circuit 19 is DC-cut by a capacitor C and then ap-
plied to the emitter of the bipolar transistor Q1 via a ter-
minal 24. The bipolar transistor Q1 constitutes a clamping
circuit 21 for clamping the low level of the shutter pulse
¢SUB to the DC level of the substrate bias Vsub. A re-
sistor R1 is provided between the terminal 24 and the
ground.

[0029] An externally supplied substrate bias control
signal VsubCont. is applied to the base of a bipolar tran-
sistor Q2 via a resistor R2. The emitter of the bipolar
transistor Q2 is grounded and its collector is connected
to a terminal 25 via a resistor R3. The base of the bipolar
transistor Q1 is connected to the terminal 25. The bipolar
transistor Q2 and the resistors R2 and R3 constitute a
driving system 26 that performs driving so as to tempo-
rarily reduce the substrate bias Vsub based on the sub-
strate bias control signal VsubCont.

[0030] More specifically, in the driving system 26,
when the substrate bias control signal VsubCont. is at a
low level, the bipolar transistor Q2 is off and hence the
substrate bias Vsub generated by the substrate bias volt-
age generation circuit 20 is applied as itis to the substrate
18 via the bipolar transistor Q1. On the other hand, when
the substrate bias control signal VsubCont. turns to a
high level, the bipolar transistor Q2 is turned on to ground
the base of the bipolar transistor Q1 via the resistor R3,
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so that the substrate bias Vsub generated by the sub-
strate bias generation circuit 20 is subjected to potential
reduction by a voltage corresponding to the resistance
of the resistor R3.

[0031] Fig. 7 shows a general configuration of a cam-
era according to the invention which uses, as an imaging
device, the above-configured solid-state imaging appa-
ratus of the embodiment. As shown in Fig. 7, light coming
from an object (not shown) impinges on the imaging area
of a CCD solid-state imaging device 53 via an optical
system including a lens 51 and a mechanical shutter 52.
The mechanical shutter 52 determines the exposure time
by obstructing incidence of light on the imaging area of
the CCD solid-state imaging device 53.

[0032] The above-described CCD solid-state imaging
device of the embodiment is used as the CCD solid-state
imaging device 53. The CCD solid-state imaging device
53 is driven by a CCD driving circuit 54 which includes
the above-described timing generation circuit 19 and
driving system 26. An output signal of the CCD solid-
state imaging device 53 is subjected to various kinds of
signal processing such as an automatic white balance
adjustment in a signal processing circuit 55 of the next
stage, and is thereafter output to an external system as
an imaging signal. A system controller 56 performs an
opening/closing control on the mechanical shutter 52, a
control on the CCD driving system 54, a control on the
signal processing circuit 55, and other controls.

[0033] Next, abasic operation of the above-configured
camera will be described with reference to a timing chart
of Fig. 8.

[0034] First, when a shutter release button (not shown)
is depressed, in response a trigger pulse TRIG. having
a pulse width of several milliseconds is generated. Sev-
eral shutter pulses ¢SUB are generated in the duration
of the trigger pulse TRIG., whereby signal charges of all
the sensor sections 11 are swept and discarded to the
substrate 18. After a lapse of a given exposure period,
the mechanical shutter 52 is closed and an all pixels re-
adout period is started in which signal charges of all pixels
are to be read out by frame readout, for instance.
[0035] In the all pixels readout period, first, charges in
the vertical CCDs 13 are swept out by high-speed transfer
driving of the vertical CCDs 13. Then, a read pulse XSG
occurs in a vertical transfer clock signal V1, whereby
signal charges of the respective pixels of the first field
are read out. After the readout of the first field signal
charges, charges in the vertical CCDs 13 are again swept
out by high-speed transfer driving. Then, a read pulse
XSG occurs in a vertical transfer clock signal ¢V3, where-
by signal charges of the respective pixels of the second
field are read out.

[0036] Subsequently, the mechanical shutter 52 is
opened and a high-speed imaging period is started. In
the high-speed imaging period, various automatic con-
trols are performed such as monitoring for displaying a
picture being taken, an automatic iris control for adjusting
the exposure by controlling the opening degree of an iris

10

15

20

25

30

35

40

45

50

55

(not shown), an automatic focus control for adjusting the
focus by controlling the position of the lens 51 in the op-
tical axis direction, and an automatic white balance con-
trol for taking a white balance.

[0037] Asdescribed in the background section, during
the period from the completion of an exposure to the re-
adout of signal charges, the saturation signal charge
amount Qs decreases because part of the saturation sig-
nal charges in the sensor sections 11 are released as
time elapses. Fig. 9 shows a relationship between the
saturation signal charge amount Qs and the time from
the completion of an exposure to the readout of signal
charges. The deteriorations of such characteristics as
the S/N ratio and the dynamic range due to the reduction
of the saturation signal charge amount Qs may be pre-
vented by securing a potential barrier difference large
enough to prevent saturation signal charges from being
saturated over time. However, since the saturation signal
charge amount Qs is determined by the handlable charge
amount of the vertical CCDs 13, the blooming character-
istic, and other factors, it is difficult to secure such a large
potential barrier difference.

[0038] The deteriorations of such characteristics as
the S/N ratio and the dynamic range due to the reduction
of the saturation signal charge amount Qs can also be
prevented by increasing in advance the saturation signal
charge amount Qs (in terms of its value before it decreas-
es over time) in anticipation of the amount of its reduction
by lowering the above-mentioned substrate bias Vsub.
Referring to Fig. 8, a consideration will be given to a case
where the substrate bias Vsub is changed in all the pe-
riods. No problem occurs in the all pixels readout period
for the following reasons. Even if a signal in excess of
the handlable charge amount of the vertical CCDs 13 or
blooming or a like component occurs in the exposure
period, the related charges are swept out in the sweep-
out period. Further, since the mechanical shutter 52 is
closed, such a component does not appear in an output
signal.

[0039] In contrast, a problem may occur in the high-
speed imaging period for automatic controls such as
monitoring, an automatic iris control, an automatic focus
control, and an automatic white balance control. This is
because a signal in excess of the handlable charge
amount of the vertical CCDs 13 or blooming or a like
component appears since the mechanical shutter 52 is
open, and there is no period in which to sweep and dis-
card the related charges. In view of the above, in the
invention, the saturation signal charge amount Qs is in-
creased in advance in anticipation of the amount of its
reduction by lowering the substrate bias Vsub at least
during the signal charge readout period, i.e., during the
all pixels readout period.

[0040] The control signal for lowering the substrate bi-
as Vsub, i.e., the above-mentioned substrate bias control
signal VsubCont., is output from the system controller
56, for instance. Alternatively, the substrate bias control
signal VsubCont. may be output from the timing control
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circuit 19. As described above, when the substrate bias
control signal VsubCont. is applied to the base of the
bipolar transistor Q2 via the resistor R2 (see Fig. 4), the
substrate bias Vsub is reduced by a voltage correspond-
ing to the resistance of the resistor R3. This potential
reduction is set in consideration of a reduction in the po-
tential difference of the overflow barrier OFB (see Fig. 6)
in the sensor sections 11 during the light interruption.
[0041] Bylowering the substrate bias Vsub atleastdur-
ing the all pixels readout period as mentioned above, the
potential of the overflow barrier OFB in the sensor sec-
tions 11 is reduced as much, whereby the saturation sig-
nal charge amount Qs (in terms of its value before it de-
creases over time during the light interruption) can be
increased in anticipation of the amount of its reduction,
as a result of which the saturation signal charge amount
Qs thereafter can also be increased. Therefore, such
characteristics as the S/N ratio and the dynamic range
can be prevented from being deteriorated due to the re-
duction of the saturation signal charge amount Qs.
[0042] Four specific examples of the timing for starting
to lower the substrate bias Vsub will be described below
with reference to the timing charts of Figs. 11-14.
[0043] First, in specific example-1 shown in Fig. 11,
the start point of lowering the substrate bias Vsub is set
before the start of an exposure. This measure enables
compensation of the reduction of the saturation signal
charge amount in all the periods including the exposure
period. Therefore, this measure can even accommodate
a signal that is saturated in part of the exposure period
as in the case of strobe light. The reason why in Fig. 11
the substrate bias control signal VsubCont. is applied at
the point several milliseconds before the completion of
an exposure is that as shown in Fig. 10 a time of several
milliseconds elapses from the application of the substrate
bias control signal VsubCont. to the actual fall of the sub-
strate bias Vsub due to a time constant that is determined
by the resistance of the resistor R1 and the capacitance
of the capacitor C (see Fig. 4).

[0044] Next, in specific example-2 shown in Fig. 12,
the start point of lowering the substrate bias Vsub is set
within the exposure period. This measure enables com-
pensation of the reduction of the saturation signal charge
amount Qs during the period when the mechanical shut-
ter 52 is closed. The fact that the start point of lowering
the substrate bias Vsub is not set before the start of an
exposure unlike the case of Fig. 11 provides an advan-
tage that the time from the turn-on of the trigger signal
TRIG. (depression of the shutter release button of the
camera) to the closure of the mechanical shutter 52 (com-
pletion of the exposure) is short (see Fig. 12).

[0045] Inspecific example-3 shownin Fig. 13, the start
point of lowering the substrate bias Vsub is set within the
period from the readout of signal charges in the first field
to the read out of signal charges in the second field. In
this measure, although the saturation signal charge
amount Qs decreases until the readout of signal charges
in the first field, the reduction of the saturation signal
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charge amount Qs in the second field can be prevented.
Therefore, the difference between the saturation signal
charge amounts Qs of the first and second fields (level
difference) can be eliminated, which is a problem of the
prior art.

[0046] In the specific example-4 shown in Fig. 14, the
start point of lowering the substrate bias Vsub is set within
the period from the completion of an exposure to the re-
adout of signal charges. In this measure, although there
exists a partial period during which the saturation signal
charge amount Qs decreases, blooming or a like com-
ponent that occurs in the exposure period due to the low-
ering of the substrate bias Vsub is reduced and hence
the sweep/discard that is performed immediately after
the completion of an exposure is facilitated.

[0047] Although the above embodiment is directed to
the case of the frame readout scheme, the signal charge
readout method may be the field readout scheme or the
all pixels readout scheme. Although in the above embod-
iment the mechanical shutter 52 is used as the light in-
terrupting means, the light interrupting means is not lim-
ited to it and may be other types such as a liquid crystal
shutter. The invention can even be applied to a case
where no lightinterruption is effected, forexample, a case
where after a light source once emits light a dark state
continues over a given period, as in the case of using
strobe light.

[0048] Further, in the above embodiment, in the case
where the substrate bias generation circuit 20 and the
clamping circuit 21 are incorporated in the CCD solid-
state imaging device 10, the substrate bias Vsub is low-
ered at least during the signal charge readout period by
making a selection, i.e., switching, as to whether to
ground the input end (base of the bipolar transistor Q1)
of the clamping circuit 21 via the resistor R3 by using the
substrate bias control signal VsubCont. The invention
can similarly be applied to a case where the substrate
bias generation circuit 20 and the clamping circuit 21 are
provided outside the CCD imaging device 10.

[0049] Fig. 15 shows a configuration of such a case.
In Fig. 15, the basic configuration of a CCD imaging de-
vice 10’ is the same as that of the CCD imaging device
10 of the above embodiment. A substrate bias generation
circuit 27 for generating a substrate bias Vsub is provided
outside the CCD imaging device 10’. The substrate bias
Vsub generated by the substrate bias generation circuit
27 is applied to the base of a bipolar transistor Q3 that
constitutes a clamping circuit 28.

[0050] The collector of the bipolar transistor Q3 is con-
nected to a terminal 29, and its emitter is grounded via
a resistor R4. With this configuration, the substrate bias
Vsub is applied to the substrate 18 via the terminal 29
after being subjected to impedance conversion by the
bipolar transistor Q3. On the other hand, a shutter pulse
dSUB that is generated by the timing control circuit 19 is
DC-cut by a capacitor C and then applied to the emitter
of the bipolar transistor Q3. At this time, the low level of
the shutter pulse ¢SUB is clamped to the DC level of the
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substrate bias Vsub by the bipolar transistor Q3.

[0051] In the solid-state imaging apparatus in which
the substrate bias generation circuit 27 and the clamping
circuit 28 are provided outside the CCD imaging device
10, the substrate bias Vsub may be lowered in the fol-
lowing manner. A timing signal for lowering the substrate
bias Vsub itself during a given period is applied to the
substrate bias generation circuit 27. Upon reception of
the timing signal, the substrate bias generation circuit 27
outputs, during the given period, a substrate bias Vsub
that is lower than the normal potential by a given value.
The timing for starting to lower the substrate bias Vsub
may be set in the same manner as in specific example-
1 to 4 in the above embodiment.

[0052] The above embodiment is directed to the case
where the invention is applied to the CCD imaging device
having the vertical overflow drain structure and the sub-
strate bias Vsub thatis applied to the substrate 18 serving
as the overflow drain is lowered at least during the signal
charge readout period. The invention can similarly be
applied to a CCD imaging device having the horizontal
overflow drain structure, in which case the overflow drain
bias may directly be lowered at least during the signal
charge readout period.

[0053] Asdescribed above, according to the invention,
in the solid-state imaging device in which the sensor sec-
tions have the overflow drain structure, the saturation
signal charge amount (in terms of the value before it de-
creases over time during light interruption) can be in-
creased in anticipation of the amount of its reduction be-
cause the overflow drain bias of the solid-state imaging
device is lowered at least during the signal charge rea-
dout period. Therefore, it becomes possible to prevent
such characteristics as the S/N ratio and the dynamic
range from being deteriorated due to reduction of the
saturation signal charge amount that occurs in a period
from completion of an exposure to readout of signal
charges.

Further embodiments are:

1. A solid-state imaging apparatus comprising:

a solid-state imaging device having a plurality
of sensor sections that have an overflow drain
structure and are arranged in matrix form, and
a charge transfer section for transferring signal
charges read out from the sensor sections; and
a driving system for performing a drive so as to
lower an overflow drain bias of the solid-state
imaging device at least during a signal charge
readout period in a given operation mode.

2. The solid-state imaging apparatus according to
item 1, wherein in the driving system a start point of
lowering the overflow drain bias is set before a start
of an exposure.

3. The solid-state imaging apparatus according to
item 1, wherein in the driving system a start point of
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lowering the overflow drain bias is set within an ex-
posure period.

4. The solid-state imaging apparatus according to
item 1, wherein in the driving system a start point of
lowering the overflow drain bias is set within a period
from readout of signal charges in a first field to rea-
dout of signal charges in a second field.

5. The solid-state imaging apparatus according to
item 1, wherein in the driving system a start point of
lowering the overflow drain bias is set within a period
from completion of an exposure to readout of signal
charges.

6. A driving method of a solid-state imaging appara-
tus comprising a solid-state imaging device having
a plurality of sensor sections that have an overflow
drain structure and are arranged in matrix form, and
a charge transfer section for transferring signal
charges read out from the sensor sections, the driv-
ing method comprising the step of:

lowering an overflow drain bias of the solid-state
imaging device at least during a signal charge
readout period in a given operation mode.

7. The driving method according to item 6, wherein
a start point of lowering the overflow drain bias is set
before a start of an exposure.

8. The driving method according to item 6, wherein
a start point of lowering the overflow drain bias is set
within an exposure period.

9. The driving method according to item 6, wherein
a start point of lowering the overflow drain bias is set
within a period from readout of signal charges in a
first field to readout of signal charges in a second
field.

10. The driving method according to item 6, wherein
a start point of lowering the overflow drain bias is set
within a period from completion of an exposure to
readout of signal charges.

11. A camera comprising:

a solid state-imaging apparatus comprising:

a solid-state imaging device having a plu-
rality of sensor sections that have an over-
flow drain structure and are arranged in ma-
trix form, and a charge transfer section for
transferring signal charges read out from
the sensor sections; and

a driving system for performing a drive so
astolower a substrate bias of the solid-state
imaging device at least during a signal
charge readout period in a given operation
mode;

an optical system for guiding incident light to an
imaging area of the solid-state imaging device;
and
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light interrupting means for determining an ex-
posure period by interrupting the light incident
to prevent it from reaching the imaging area of
the solid-state imaging device.

Claims

A method for driving a solid-state imaging apparatus
comprising

a solid-state imaging device having a plurality of sen-
sor sections that have an overflow drain structure
and are arranged in matrix form, and

a charge transfer section for transferring signal
charges read out from the sensor sections, the meth-
od comprising the steps of:

lowering an overflow drain bias of the solid-state
imaging device directly in response to a timing
signal, in anticipation of a decrease in a satura-
tion signal charge amount of said sensor sec-
tions, and regardless of the amount of incident
light during an exposure period, wherein

said lowering occurs at least during a signal re-
adout period in a given operation mode, thereby
increasing the saturation signal charge amount
of said sensors sections; and

closing a shutter to prevent light from irradiating
the sensors.

The driving method according to claim 1, wherein a
start point of lowering the overflow drain bias is set
before a start of an exposure.

The driving method according to claim 1, wherein a
start point of lowering the overflow drain bias is set
within an exposure period.

The driving method according to claim 1, wherein a
start point of lowering the overflow drain bias is set
within a period from readout of signal charges in a
first field to readout of signal charges in a second
field.

The driving method according to claim 1, wherein a
start point of lowering the overflow drain bias is set
within a period from completion of an exposure to
readout of signal charges.

The method of claim 1, comprising the further step
of generating a substrate bias control signal and ap-
plying same to a substrate bias voltage generating
circuit at least during said readout period to effect
such lowering of the overflow drain bias.

The method of claim 6, comprising the further step
of generating a substrate bias control signal and ap-
plying same to a substrate bias voltage generating
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10.

11.

circuit during a time period beginning before said
shutter is closed.

The method of claim 6, comprising the further step
of generating a substrate bias control signal and ap-
plying same to a substrate bias voltage generating
circuit during a time period beginning after said shut-
ter is closed.

The solid-state imaging apparatus of claim 6, where-
in said substrate bias control signal is applied to said
substrate bias voltage generating circuit during a
time period ending when said shutter is reopened.

The driving method according to claim 1 wherein the
lowering step comprises lowering said overflow drain
bias by a predetermined amount.

The method for driving a solid-state imaging appa-
ratus of claim 1 wherein said lowering step compris-
es switching said overflow drain bias of the solid-
state imaging device between two states atleast dur-
ing a signal readout period in a given operation
mode, thereby increasing saturation signal charge
amount of said sensors.
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